The bucket tooth is one of an excavator components made of manganese steel used to dig and load land into a truck or elsewhere. The impact of the bucket tooth product needs to be increased so that it has longer lifetime. The objective of this research is to know the right composition of manganese in order to obtain the optimal impact strength. Varying the composition of manganese from 11,2% to 15,1% wt Mn are carried out in an induction furnace. Mechanical tests carried out include microstructure observation, impact and hardness testing. The structure of austenite dominates manganese steel with an average grain size of 60 µm (11,2% Mn) and increases up to 45% for the contents of 15,1% Mn. The lowest impact strength (0,08 J/mm 2 ) in specimens with 11,2% Mn, increases up to 42% (0,142 J/mm 2 ) in specimens with 15,1% Mn. The increase of impact strength is affected by grain size and austenite stability. The hardness of manganese steel with 11,2% Mn (330 VHN) increases up to 376 VHN with 15,1% Mn.
Introduction
Bucket tooth is one of excavator components that is used to dig and load land into a truck or somewhere else. Bucket tooth is usually made of manganese steel which has wear resistance and high impact. Bucket tooth replacement is usually done because of wear, yet there are some cases that are replaced because of broken. The enhancement of the bucket tooth mechanical properties can be conducted with variations of manganese composition and heat treatment. The increase of material strength occurs due to the stability of the austenite structure increased.
Bucket tooth made by one of the metal casting industries contains 11 to 12% Mn, but it often fractures when used. The research was carried out with variations of Mn to obtain the optimal mechanical properties. 
Literature Review
Manganese steel has high wear resistance and impact toughness. Manganese steel has a primary alloy of 12% Mn with austenite structure at room temperature, which is tough, high strain and paramagnetic (Katila, 1994) . The improvement of mechanical properties are obtained by heat treatment and work hardening (Clauser and Henry, 1975) . Manganese steel is an alloy steel with high wear resistance which has the composition of carbon, manganese, silicon, cromium, molybdenum, and tungsten as shown in Table 1 . Manganese steel is widely used for stone crusher, excavator buckets, and loader sholver, since it has impact and high wear resistance. Table 1 : Manganese steel composition ( JIS G5131, 1991).
Class
Symbol Composition The addition of manganese steel composition around 1,65% -1,90% increases tensile strength, hardness and heat ability. The manganese also improves the response of steel toward heat treatment. The optimum mechanical properties in manganese steel are obtained by heat treatment. Hardening and tempering improve the mechanical properties. Normalizing increases the impact strength and it is often applied to forging and casting products (Rajan, 1997) .
Hadfield steel is a high manganese steel used for commercial purposes. Hadfield steel contains 1,1 -1,4% carbon and 11-14% manganese. Heat treatment with austenization followed by quench of water will produce austenitic structures that increase (50% -140%) when compared with hadfiled steel (Zhen et al, 2003) . The austenite microstructure of manganese steel showed the grain size of 10 to 17 µm when the solution heat treatment was carried out at temperature up to 1000 ∘ C. The grain size increased up to 50 μm when the solution heat treatment was carried out with temperature above 1000 ∘ C (Dobrzanski et al, 2008 ).
Methods
The impact resistance improvement of manganese steel is carried out with variations in the manganese addition. The addition of manganese was done in an induction furnace with a composition of 11,2; 12,0; 12,8; 13,8 and 15,1% Mn. Variations in the addition of Mn were carried out to improve the stability of the austenite structure, thereby it increased the impact of bucket tooth product from manganese steel. Test specimens made are impact, hardness and microstructure specimens. Materials and tools used include: manganese steel, HNO 3 , autosol, induction furnace, metallurgical microscope, impact tester, and hardness tester.
Results and Discussions
Microstructure observation showed that the austenite dominated the structure. The addition of Mn composition could increase the grain size ( Figure 1 ). The grain size of austenite with 11,2% Mn composition was 60 µm and increased by 25%; 33%; 40% and 45% respectively for the contents of 12; 12,8; 13,8 and 15,1% Mn. The grains size of the austenite spread evenly which made it more stable and stronger.
The impact strength of manganese steel tended to increase along with the improvement of Mn content (Figure 2 ). The lowest impact strength (0,08 J/mm 2 ) in specimens with 11,2% Mn, increased up to 42% (0.142 J/mm 2 ) in specimens with 15,1% Mn. The improvement of impact strength was effected by the grain size and the stability of austenite so that it was more resilient and stable (Zhen et al, 2003) .
The hardness of manganese steel tended to increase along with the improvement of Mn content (Figure 3 ). 
Conclusions
The structure of austenite dominates manganese steel with an average grain size of 60 µm (11,2% Mn) and increases up to 45% for the 15,1% Mn composition. The lowest impact strength (0,08 J/mm 2 ) in specimens with 11,2% Mn, increases up to 42% (0,142 J/mm 2 ) with 15,1% Mn. The impact strength increases because the grain size and the austenite stability increases as well. The hardness of manganese steel with 11,2% Mn (330 VHN) increases up to 12% with 15,1% Mn.
